The suppression of J/7 j resonance production recently observed in heavy ion collisions contains some information also on the suppression of Z states which are known to be the source of a sizeable fraction of the observed J/~ We analyze recent experimental data within a model that assumes quarkgluon plasma formation in a finite volume for a short time. We extract lifetimes for critical isotherms and obtain a value for the ratio of the Debye screening masses for Z and j/tit in the plasma consistent with estimates from lattice QCD. We also make some detailed predictions of the ~' suppression pattern and speculate about the extrapolation of the present oxygen results to heavier nuclei.
Introduction
The recent experimental results on J/~ production in heavy ion collisions have shown [-1]: i) a suppression of J/~P production with respect to the continuum background correlated with the total transverse energy of the underlying event ii) a dependence of the effect upon the J/7 ~ momentum, in particular a substantial amount of suppression at zero transverse momentum iii) a disappearance of the 7/, signal together with the J/7 ~ suppression.
These types of effects are expected if a quark-gluon plasma is formed during the hard collision [2] . However, lacking a better analysis of possible nuclear effects, we cannot claim that they represent an unmistakeable signal for plasma creation. In a highly dense nuclear matter the rescattering of resonances may lead to their dissolution and the effect can be larger, the wider the corresponding wave function is.
In a recent letter [3] we have shown that the finite size of the nuclei in a heavy ion experiment will lead to a characteristic momentum dependence of the J/7 j suppression independent of its underlying mechanism. The resonances can survive when the relative distance of q~ pairs travelling through the "plasma" is smaller than its normal value in the bound state for which screening effects are important. Analogous effects arise from the finite lifetime of the "hot region" (plasma) [3, 4] . This has been worked out in detail in [4] , where a hydrodynamical model has been used to relate the plasma lifetime to its rapid cooling due to longitudinal expansion. Similar ideas have been put forward in [5] .
The mechanism which allows the resonances to escape the plasma may serve as well for escaping dense nuclear matter: as long as the pair is very localised, its total colour charge is well screened and its cross-section with nuclear matter lower than normal. The nuclear effects in Drell-Yan production observed so far [-6 ] mainly amount to a broadening of transverse momentum distributions attributed to a rescattering of the initial quarks with the nuclear matter. Of course this could change the continuum contribution under the resonance and simulate a suppression, but we do not see why only the quarks annihilating directly into a photon should undergo a rescattering with the nuclear matter and not also those annihilating into gluons.
In this letter, we will discuss the implications of the observed effects within a model for plasma formation. The model for the momentum dependence of the J/7 ~ suppression already proposed contains many parameters which are only approximately known: i) the dimensions, transverse and longitudinal, of the "hot" disk inside which the plasma has been created ii) the characteristic formation time and size of a J/~P resonance iii) the plasma lifetime.
Additional model-dependent parameters enter through the modelling of the longitudinal expansion and cooling rate of the plasma [4, 5] .
The purpose of this paper is to stress another important feature of J/~P production missing in the present approach: the experimental fact that a good fraction of J/~, of the order of 40% [-7] , are coming from the decays of X states which are produced in the first place. These states have a different binding radius and are still suppressed by the plasma at a lower critical temperature than the J/~ This is related to the lower critical Debye screening mass needed to inhibit the formation of Z [-8] in a plasma. The lifetimes of the corresponding "hot regions" for J/7 ~ and Z depend upon these critical temperatures and X states will therefore feel the plasma effects for a longer time than J/~ In spite of the extra parameters that the Z states add to the model, we will see from the following discussion that a distinction between direct J/7 ~ decays and those coming from X is needed in a quantitative analysis of the experimental data. Moreover, the existence of two different components in the J/7 j spectrum leads to interesting new threshold effects which may become visible in future experiments with heavier nuclei and/or better statistics for the momentum dependence of the Jig j suppression.
We will discuss in the next section the basic experimental results. In Sect. 3 we discuss relations between the formation of different cg resonances and "lifetimes" of certain critical isotherms. Sections 4 and 5 are devoted to an analysis of the parameters entering a discussion of J/7 ~ suppression due to plasma formation and we estimate their values with the help of the experimental data. In Sect. 6 we give a detailed comparison of our model with the data and make some concluding remarks about the extension of the present results to larger A.
The experimental data
The NA 38 collaboration has studied the ratio of J/7 t production to continuum as a function of the total transverse energy of a given event. The latter is supposed to be a measure of the initial temperature in the central region. Comparing data in a low Er bin with those in higher E r bins one finds an increasing amount of J/~P suppression. We concentrate here on the data sets in the transverse energy bins of E r < 28 GeV and of ET > 50 GeV; the first sample will be considered as a reference one, where, by assumption, the new phenomena that we try to explain are absent. The second data set is the highest ET bin considered by NA 38. The experimental value of the ratio of muon pair production in the J/7 j mass range over the corresponding continuum contribution -estimated by extrapolating the distribution in the neighbouring bins of the dimuon invariant mass -is different for the two Er bins: the value in the high Er bin is about 64% of the one in the low Er bin. This gives evidence for a suppression mechanism acting on the produced c? pair only: any parton's initial state interaction should equally modify the charm and the continuum production and leave, in first approximation, the ratio unaffected.
A more detailed suppression pattern could be obtained from a comparison at different Er of the analogous ratio as a function of Pr and xv. This is only partially available at the moment. The NA 38 collaboration has presented the quantity R(Pr) defined as the ratio in the two Er bins of the ratio of muon pair Pr distributions normalised with respect to the corresponding Pr-integrated continuum contribution [9] . If the ratio of continuum Pr distributions in the two ET bins does not vary with Pr, as is indeed the case, R(Pr) represents a reasonable measurement of the Pr dependence of a suppression mechanism related to c? formation only. In practice, the "absolute" normalisation can be obtained from the one originally used [1] by rescaling the vertical axis by a factor of the order of 0.67 [9] . The data rescaled according to the latter procedure indicate that the suppression is strongest at low Pr and that it vanishes for PT' of the order of 3 GeV. Lacking the corresponding absolute normalisation also for different XF bins, we have rescaled the data, available in this case with the original arbitrary normalisation only [1], by assuming that also the ratios for distinct x~. bins are equal to 1 at Pr= 3 GeV. This has been done on the basis of a straight line fit to the data as given by the NA 38 collaboration:
R (PT)= X(~ + fl PT)
(1) with x chosen such that we obtain R(3)= 1. Having fixed the absolute normalization we can determine the suppression at Pr=0. We have calculated the value R(0) by taking the average over the lowest two Pr bins. (2)
The errors are calculated from the spread of the values in these two bins. They are to be taken as indicative only.
For the purpose of our model calculations we have also parametrized the experimental longitudinal
